A 35-year-old Asian man with jaundice and markedly high aminotransferase levels A 35-year-old man who was born in Vietnam presents to the emergency department of a local hospital because he has had jaundice for 5 days and fatigue, malaise, and anorexia for 2 weeks. He also has nausea and mild epigastric and right upper quadrant abdominal pain. He denies having fevers, chills, night sweats, vomiting, diarrhea, melena, hematochezia, or weight loss.
His medical history is remarkable only for perinatally acquired hepatitis B virus (HBV) infection, for which he never received antiviral therapy. He does not take any prescribed, over-the-counter, or herbal medications.
He lives in the Midwest region of the United States and works full-time as a physician in private practice. He is married and has two children.
He has not travelled recently. He has no pets at home and has not been exposed to any.
He has never smoked. He drinks alcohol socially but has never used recreational drugs.
In a laboratory evaluation performed a year ago for insurance purposes, his liver function tests-serum albumin, total bilirubin, alkaline phosphatase, alanine aminotransferase, and aspartate aminotransferase levels-were all normal. He was positive for HBV surface antigen and HBV e antigen and negative for antibodies against these antigens.
phases of hbv infection ■
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Which of the following best describes the status of HBV infection in this patient before his current symptoms developed?
Resolved HBV infection □ Chronic inactive HBV infection □ Chronic active HBV infection □
Immune-tolerant chronic HBV infection □
The correct answer is immune-tolerant chronic HBV infection.
Resolved infection. In immunocompetent adults, most primary HBV infections are self-limited: people clear the virus and gain lasting immunity (defined as the loss of HBV surface antigen, the development of antibody against surface antigen, no detectable HBV DNA in the serum, and normal alanine and aspartate aminotransferase levels). However, a minority of primary HBV infections persist and become chronic.
The risk of an HBV infection becoming chronic is higher in immunocompromized patients and in infants and children. In 90% of infected newborns, the disease progresses to chronic infection, but it does so in only 10% of adults (FIGURE 1).
Chronic HBV infection is defined as the persistence of HBV surface antigen in the serum for at least 6 months. Patients with chronic HBV infection can be broadly classified as having either inactive disease (the inactive surface antigen carrier state) or chronic active hepatitis B (FIGURE 1).
ers of inactive HBV infection have low serum levels of HBV DNA (< 2,000 IU/mL), persistently normal aminotransferase levels, and no HBV e antigen; if a liver biopsy is performed, no significant hepatitis is found.
Chronic active HBV infection. Patients with chronic active HBV infection, in contrast, have high serum HBV DNA levels (> 20,000 IU/mL) and persistently or intermittently high aminotransferase levels; they do have HBV e antigen, and a liver biopsy shows moderate or severe necroinflammation.
A small group of patients with chronic active hepatitis B may be negative for e antigen but still have high aminotransferase levels, high HBV DNA levels, and continued necroinflammation in the liver. 4 The virus in these patients has a mutation in its precore or core promoter gene that prevents the production of e antigen.
Patients with chronic active HBV infection (whether positive or negative for e antigen) are at a significantly greater risk of progressive liver injury and developing cirrhosis and hepato cellular carcinoma than are inactive carriers of HBV.
Immune-tolerant chronic HBV infection. Patients who acquired HBV at birth (eg, our patient) may have immune-tolerant HBV infection, which is characterized by significant HBV replication manifested by the presence of HBV e antigen and high levels of HBV DNA in the serum. However, these patients have no clinical or pathologic evidence of active liver disease (no symptoms, normal serum alanine aminotransferase levels, and minimal changes on liver biopsy). 5 This was obviously the case in our patient, based on his history and laboratory results before his current symptoms developed.
case continues: Liver function abnormalities On physical examination, the patient's temperature is 99.9°F (37.7°C), heart rate 106 per minute, blood pressure 98/54 mm Hg, respiratory rate 18 per minute, and oxygen saturation 100% while breathing ambient air. He is alert and oriented to time, place, and person.
He has icteric sclera, and his skin is jaundiced. His The degree and pattern of liver function abnormalities in our patient reflect hepatocellular injury rather than cholestatic liver disease, because his aminotransferase levels are elevated much higher than his alkaline phosphatase level (TABLE 1) . Bilirubin elevation does not help differentiate the two conditions.
The degree and pattern of aminotransferase elevations are also helpful in narrowing the differential diagnosis. Serum aminotransferase levels of more than 1,000 U/L are mainly seen in patients with ischemic, viral, and toxininduced liver injury. Other rare causes of such high levels include Budd-Chiari syndrome, Wilson disease, and autoimmune hepatitis.
Ischemic hepatitis. Our patient has mild hypotension, but it does not seem to have been severe enough or of long enough duration to have caused ischemic hepatitis.
Drug-associated liver injury. Hepatotoxicity associated with drugs (most commonly acetaminophen [Tylenol]), herbal therapy, or mushroom poisoning should be considered in any patient whose aminotransferase levels are this high. However, our patient denies taking any medications (prescribed or over-thecounter), herbal remedies, or illicit drugs.
Acute viral hepatitis can certainly explain the patient's clinical picture. Infection with hepatitis A virus, hepatitis D virus, hepatitis E virus, cytomegalovirus, Epstein-Barr virus, herpes simplex viruses types 1 and 2, and varicella zoster virus have all been implicated in severe acute hepatitis. Although hepatitis E virus infection is more common in developing countries, it has been reported in the United States. 6 It is unlikely that acute hepatitis C virus infection is producing this degree of elevation in aminotransferase levels.
Reactivation of the patient's chronic HBV infection can also account for his clinical presentation.
Acute alcoholic hepatitis should be suspected clinically if a patient has a history of heavy alcohol use and clinical and laboratory findings that are compatible with the diagnosis. However, the absolute values of serum aspartate aminotransferase and alanine aminotransferase in acute alcoholic hepatitis are almost always less than 500 IU/L (and typically less than 300 IU/L). Our patient's values are much higher, and he says he does not drink very much. Although people sometimes underestimate their alcohol intake, alcoholic hepatitis is the least likely diagnosis in our patient. Abdominal ultrasonography is performed and reveals a small stone in the gallbladder with no evidence of biliary dilatation; otherwise, the gallbladder appears normal. Doppler ultrasonography shows the liver vessels to be patent; the liver is normal in appearance. The abdomen and pelvis appear to be normal on computed tomography without intravenous contrast.
On the third hospital day, the patient's blood test results are:
Aspartate The third answer above is correct: a negative test for hepatitis B e antigen does not exclude the diagnosis of acute exacerbation of HBV infection Herpetic hepatitis. Although not common, hepatitis due to herpes simplex virus infection should be considered in the differential diagnosis of any patient presenting with severe acute hepatitis, particularly when fever is present. Common features of herpetic hepatitis on presentation include high fever, leukopenia, markedly elevated aminotransferases, and mild cholestasis. Vesicular rash occurs in only less than half of cases of herpetic hepatitis. 10 Serologic testing is of limited value because it has high rates of false-positive and false-negative results. The diagnosis can be confirmed only by viral polymerase chain reaction testing or by identifying herpes simplex viral inclusions in the liver biopsy. However, the death rate is high in this disease, and since herpetic hepatitis is one of the few treatable causes of acute liver failure, parenteral acyclovir (Zovirax) should be considered empirically in patients presenting with acute liver failure. Our patient was started on acyclovir when his tests for IgM against herpes simplex virus came back positive.
Hepatitis C. Antibodies against hepatitis C virus do not develop immediately after this virus is contracted; they may take up to 12 weeks to develop after exposure. For this reason, about 30% to 50% of patients with acute hepatitis C virus infection are negative for these antibodies initially. In those patients, hepatitis C virus RNA in the blood is the most sensitive test to detect acute hepatitis C virus infection.
Our patient has neither antibodies against hepatitis C virus nor hepatitis C virus RNA by polymerase chain reaction testing, which rules out hepatitis C virus infection.
Disappearance of e antigen in HBV infection. The disappearance of HBV e antigen is usually associated with a decrease in serum HBV DNA and remission of liver disease. However, some patients continue to have active liver disease and high levels of HBV DNA despite e antigen seroconversion. This is due to a stop codon mutation in the precore region of the viral genome that decreases or prevents production of HBV e antigen. 4 In other words, even though HBV e antigen is a good marker of HBV replication in general, a subgroup of patients with chronic HBV infection are negative for e antigen but still have a high rate of viral replication as evidenced by high serum HBV DNA levels.
Patients with perinatally acquired chronic HBV infection most often have immune-tolerant chronic HBV infection. Among those patients (mostly Asian), 5, 7 the virus is spontaneously cleared at a rate of approximately 2% to 3% per year, 8 most often during the second and third decades of age.
Transition from the immune-tolerant phase to the immune clearance phase is frequently associated with mild transient worsening of the liver function profile. 9, 11, 12 However, in a small percentage of patients, hepatic decompensation and even (rarely) death from hepatic failure may occur secondary to a sudden activation of the immune system as it attempts to clear the virus. This may result in an increase in immune-mediated lysis of infected hepatocytes.
Hepatocellular carcinoma. Exacerbation of hepatitis B may be associated with an elevation of alpha fetoprotein, which may falsely raise concerns about the possibility of hepatocellular carcinoma. However, our patient had abdominal imaging with both ultrasonography and computed tomography, which showed no evidence of hepatocellular carcinoma.
Comment. The most likely cause of the patient's acute liver failure is an acute exacerbation of hepatitis B. However, herpetic hepatitis should be ruled out by testing for herpes simplex virus by polymerase chain reaction, performing a liver biopsy, or both.
case continues: his condition worsens A transjugular liver biopsy shows changes associated with chronic hepatitis B, severe acute hepatitis with extensive confluent and submassive hepatic necrosis, and no intracellular viral inclusions. Subsequently, acyclovir is stopped.
On the 6th hospital day, he develops progressive metabolic acidosis and hypotension, with worsening hypoxemia. A chest radiograph is obtained to look for pneumonia, but it is indeterminate; computed tomography of the chest without contrast medium is likewise unremarkable. Duplex ultrasonography of the four extremities is negative for venous thrombosis.
The patient becomes more lethargic and difficult to arouse. He is transferred to the intensive care unit and intubated. His prothrombin and partial thromboplastin times continue to rise, the prothrombin time reaching values of more than 50 seconds. In addition, progressive renal insufficiency develops.
what is the next step? ■
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Which of the following is the most appropriate next step in the management of this patient?
Liver transplantation □ HBV immunoglobulin only □ Interferon and a nucleoside analogue □ Liver-assist devices □ Continue supportive care only □ His alT and asT are much higher than his alkaline phosphatase, suggesting hepatocellular injury Consider empiric parenteral acyclovir if the patient presents with severe acute liver failure Liver transplantation. Since the patient's severe acute hepatitis is accompanied by coagulopathy and encephalopathy, he meets the definition of having acute liver failure. Liver transplantation remains the only definitive therapy.
The most commonly used prognostic criteria in patients with acute liver failure are those developed at the King's College Hospital (TABLE 3) . 13 Several studies have shown these criteria to have positive predictive values ranging from slightly less than 70% to nearly 100% and negative predictive values ranging from 25% to 94%. [14] [15] [16] According to the King's College Hospital criteria, our patient has a poor prognosis (having a prothrombin time > 50 seconds, total bilirubin > 18 mg/dL, and jaundice for more than 7 days before the onset of encephalopathy) and may benefit from liver transplantation.
HBV immune globulin immunoprophylaxis is indicated in patients with HBV infection undergoing liver transplantation, to prevent recurrence of hepatitis B after the transplant, particularly in those with a high pretransplant viral load. 17 The use of pretransplant antiviral therapy and the posttransplant combination of antiviral therapy and HBV immune globulin has reduced the rate of hepatitis B recurrence to less than 10%. However, immune globulin is by no means the best single next step in managing this patient, who clearly needs a new liver. Interferon, nucleoside analogues. Options for antiviral treatment are interferon alfa and nucleoside analogues. Interferon therapy is contraindicated in patients such as ours, who have decompensated liver disease, because it can exacerbate the disease. 18 Treatment with a nucleoside analoguelamivudine (Epivir), adefovir (Hepsera), entecavir (Baraclude), telbivudine (Tyzeka), or tenofovir (Viread)-is a safe and well-tolerated alternative in those with decompensated liver disease. The major complication of long-term lamivudine therapy is the emergence of resistant viral strains. There is no evidence that combination therapy with interferon and lamivudine is superior to antiviral monotherapy in improving the treatment outcome; however, combination therapy may decrease the rate of lamivudine-resistant mutations.
The suggested evaluation of patients with chronic HBV infection is shown in FIGURE 2. Liver-assist devices. Because liver allografts are in short supply, there has been a strong interest in developing a device that would provide the same benefits for patients with liver failure as hemodialysis does for patients with renal failure. Trials are under way to determine the efficacy and safety of these devices. 20 case continues: he receives a liver The patient undergoes liver transplantation. He is given HBV immune globulin during and after the surgery.
Pathologic review. Under the microscope, his old liver has widespread necrosis and hemorrhage as well as inflammatory changes suggesting a chronic viral process. Regenerative nodules are present in the small amount of surviving liver parenchyma, consistent with early cirrhosis. Iron staining shows +3 depositions in areas of hepatic collapse (a nonspecific finding). Periodic acid-Schiff staining after diastase (used to detect alpha-1 antitrypsin deficiency) is negative. Herpetic viral inclusions are not present.
An immunoassay for herpes simplex virus antigen is negative. Immunostaining with antibodies to the HBV core antigen is negative. HBV surface antigen is strongly and diffusely positive in the cytoplasm of 80% to 90% of hepatocytes. The immunohistologic staining pattern is consistent with integration of HBV DNA into the DNA of hepatic tissue.
Postoperative course. Lamivudine is continued after surgery, and the patient is sent home. He has resumed the level of functioning he had before becoming ill.
Comment. The outcome of liver transplantation for hepatitis B has notably improved since HBV immune globulin and nucleoside analogues were introduced. The results of liver transplantation for hepatitis B, particuarly patient and graft survival rates, are now better than those in transplant patients with hepatitis C and similar to those in transplant patients with other types of liver disease. 21 The combination of HBV immune globulin and lamivudine has cut the rate of HBV reinfection after liver transplantation to approximately 10% and increased the 5-year survival rate after transplantation to about 80%. 17 
